We examine the cash-flow channel of monetary policy, i.e. the effect of monetary policy on spending when households hold debt linked to short-term rates such as adjustable rate mortgages (ARMs). Using registry-based data on Swedish households, we estimate substantial heterogeneity in consumption responses to a change in monetary policy through the cash-flow channel. Our findings imply that monetary policy has a stronger effect on real economic activity when households are highly indebted and have ARMs. For homeowners with a debtto-income ratio of around 3 and ARMs, the estimated response is equivalent to a marginal propensity to consume of 0.5. JEL classification: D14, E21, E52, G11
Introduction
A fundamental question in macroeconomics is how the transmission of monetary policy to the real economy works. In standard macroeconomic models the primary transmission mechanism is the interest rate channel -affecting intertemporal substitution. However, many researchers, e.g. Bernanke & Gertler (1995) , have found that changes in monetary policy have more powerful effects on the real economy than predicted by the interest rate channel. This observation suggests that there are other important transmission mechanisms at work. Among channels that have been discussed in the literature are the wealth channel (Ando & Modigliani, 1963) and the credit channel (Bernanke & Gertler, 1989) .
In modern economies, where a large share of households hold debt, monetary policy can also have a direct effect on household spending via its effects on households' cash flows and disposable income. Households are then unequally affected by monetary policy depending on their balance sheet positions. In this paper we empirically study the relevance of this mechanism. More specifically we examine if monetary policy affects household consumption through its direct effect on disposable income for households that hold loans with a variable interest, i.e. through a cash-flow channel. 1 The intuition behind this channel is that a tightening of monetary policy raises interest rate expenses for households with adjustable mortgage rates and therefore has a negative impact on disposable income of such households. If the household is forward-looking and has good access to financial markets, such variations in cash flows need not result in tangible consumption responses. But if households are myopic, liquidity constrained, or for some reason unable or unwilling to increase its debt in response to temporarily lower disposable income, monetary policy will affect consumption also through the cash-flow channel.
The importance and effectiveness of the cash-flow channel depends on a number of factors such as the distribution of wealth and debt across households, the marginal propensity to consume out of disposable income across borrowers and savers, and how elastic market interest rates are to changes in monetary policy. In particular, institutional details in the mortgage market matter. If the market is dominated by fixed-rate mortgages (FRMs), as in the United States, Germany, and France, one would expect the cash-flow channel to be muted. But in economies where most mortgages have an adjustable rate (ARMs), as in the United Kingdom, Spain, and Sweden, the cash-flow channel may be more important for the transmission of monetary policy. However, to date there is limited evidence on how households are influenced through this channel. In particular, what is lacking is empirical evidence from high quality micro data -on households' balance sheets as well as measures of income and consumption -in a setting where variable rates are common.
In this paper we investigate the heterogeneity in the consumption response to a monetary policy induced change in the short-term rate. We study these effects using Swedish household data. For several reasons, Sweden is the perfect lab for this analysis. First, ARMs is a standard, non-exotic, product. Throughout our sample period, ARMs as a share of the aggregate value of outstanding mortgages varied between 30 and 40 percent on average, and indebted Swedish homeowners in general hold at least a share of their mortgages in adjustable interest rates (Holmberg et al. , 2015) . Furthermore, in our setting, the households' choice between ARMs and FRMs does not correlated with observable characteristics, suggesting that it is unlikely that our results are driven by selection into different type of loan portfolios depending on characteristics or spending behavior. 2 One indication of this is that households that we identify as having variable rates in our sample have observable characteristics very similar to households identified as having fixed rates. 3 A second reason to focus on Sweden is data availability. A common challenge in previous studies on the impact of monetary policy on consumption is the lack of data sets that feature both a high quality measure of consumption and data on households' wealth and balance sheets. We overcome this problem by using administrative panel data based on tax reports, which allows us to impute a measure of consumption, as in Koijen et al. (2015) , as well as providing us with detailed information on all earnings, income, assets and debt positions.
A typical identification problem when trying to estimate the impact of monetary policy is that changes in monetary policy are endogenous to the economic development. It is therefore difficult to identify the causality from monetary policy to economic outcomes. Such problems are mitigated with the household-level data that we use. All households are affected by the same monetary policy, but the impact varies from household to household because they have different balance sheets and financial contracts, i.e. there is variation in the exposure to the cash-flow channel. In particular, we examine how monetary policy affects consumption choices for households with large debt positions, measured as debt-to-income ratios, and how it affects homeowners with ARMs relative to homeowners with FRMs. We are thus able to study how households that are more likely to be credit constrained and have a higher degree of variability in their mortgage interest rates respond to interest rate changes induced by monetary policy. We show that these households can be seen as an empirical mirror image of the theoretical concept of wealthy hand-to-mouth households, as they have relatively high levels of illiquid wealth but hold little liquid wealth, strengthening our hypothesis that the consumption response will be stronger for the households that we classify to be interest sensitive.
Our empirical strategy focuses on heterogeneity in consumption responses, net of a common 2 A possible concern is otherwise that households may select into adjustable vs. fixed interest rates based on household-specific characteristics that are correlated with macroeconomic developments. Campbell & Cocco (2003) study the selection between ARMs and FRMs in a life-cycle model with risky labor income and borrowing constraints. Their results suggest that households with a large mortgage, risky labor income, high risk aversion, a high cost of default, and a low probability of moving are less likely to prefer an ARM. Further, Campbell & Cocco (2015) show, in an incomplete markets model, that ARMs have a higher default rate than FRMs when interest rates increase. Badarinza et al. (2017) study the determinants of within-and cross-country variation in the ARM share. They find evidence suggesting that households consider both current interest costs, consistent with borrowing constraints, as well as life-time cost minimization. 3 Moreover, a recent study on Swedish households by Holmberg et al. (2015) does not find that the default probability correlates with the choice of interest-rate fixation. aggregate effect. Our main finding is that consumption among the most indebted homeowners responds substantially more than among less indebted households. Comparing a homeowner who owes three times her disposable income instead of an otherwise identical homeowner who owes two times her income, the former responds by reducing consumption by 0.43 percent more for a one-percentage point increase in the monetary policy rate. Moreover, the effect coming from the cash-flow channel is entirely concentrated among highly indebted homeowners who hold ARMs. Among highly indebted holders of ARMs, the MPC out of changes in interest expenses is estimated to approximately 0.5 (again, net of the common aggregate response). I.e., among this group of homeowners -which represents about one sixth of all homeowners -half of the monetary policy induced change in interest expenses is absorbed by household consumption. Further analysis provides support for both the role of binding borrowing constraints as well as outright hand-to-mouth behavior. One the one hand, little liquid financial assets and a high loanto-value ratio exacerbates the cash-flow channel. On the other hand, we find that expected changes to the monetary policy rate have a stronger differential impact than unexpected changes which is consistent with outright hand-to-mouth behavior. Our paper contributes to several strands of literature, of which Cloyne et al. (2016) is most similar to us. They study the response of expenditure and income to monetary policy in the UK and the US. 4 In absence of detailed balance sheet information they use housing tenure status as a proxy for debt positions, finding that the consumption response to a temporary cut in interest rates depends on households' balance sheets. However, they argue that the general equilibrium effect of monetary policy on income is quantitatively more important than the direct effect of cashflows. In contrast to Cloyne et al. (2016) we are able to study responses across the distribution of debt positions even among households with the same housing tenure status, and thus shed further light on the mechanisms at work.
Another closely related strand of the literature uses quasi-experiments to deduce effects of changes to the mortgage rate. Di Maggio et al. (2014) study consumption and deleveraging decisions of households prior to, and following, a change in their monthly interest payments. They study data for the subsample of US households with non-agency mortgages which have interest rates that remain fixed for 5 years but are then automatically adjusted. Differences in the timing of these adjustments allow for difference-in-difference estimation. The authors find strong responses in consumption to a change in interest expenses. At the reset date, monthly interest payments drop by about a half, causing a substantial increase in car purchases, the authors' main measure of consumption. In addition, they find that a share of the increase in disposable income generated by lower expenses is devoted to saving through deleveraging on the mortgage. Applying a similar identification strategy, Keys et al. (2014) study proprietary loan data and estimate the balance sheet effects of a change in interest payments following the reset date. They find that a reduction in mortgage payments causes a decrease in defaults, a drop in credit card debt, and an increase in new auto debt, indicating an increase in durable consumption. 5 Unlike these studies we use a comprehensive expense-based measure of consumption to study responses of a representative sample of the Swedish population. Since changes to the monetary policy rate are partly predictable and partly unpredictable, we are able to disentangle the two. Our instrumental variables estimates based on monetary policy shocks indicate that predictable changes are at least as important for the heterogeneity in response as unpredictable ones. La Cava et al. (2016) explore the cash-flow channel in Australia using the large decline in interest rates early on in the financial crisis. They argue that households that hold debt (or assets) with variable rates will be more sensitive to such changes. Furthermore, they compare the responses of borrowers and savers. Compared to their study we add a dimension by looking at responses across the debt-to-income distribution. Furthermore, the panel data we use contains detailed balance sheet information in each year in our sample, and enables us to include all interest bearing debt in our classification of mortgage types.
We also contribute to the general literature studying the transmission mechanisms of monetary policy (see e.g. Bernanke & Gertler, 1995; Kashyap & Stein, 2000) and, in particular, to the literature on the relation between household debt and the transmission mechanisms of monetary policy. Calza et al. (2013) document that the transmission of monetary policy shocks to residential investment and house prices is stronger in countries with more flexible and developed mortgage markets, and that responses in consumption are stronger in countries where there is higher prevalence of ARMs. Rubio (2011) builds a New Keynesian model with a housing market and collateral-constrained households, extending the framework in Iacoviello (2005) by allowing for both adjustable and fixed rate mortgages. Monetary policy has a stronger effect when a larger share of mortgages have adjustable rates. However, in general equilibrium the partial equilibrium effects are muted by a redistribution between borrowers and savers as well as by labor supply responses. In a recent paper, Garriga et al. (2015) view mortgages with contract frictions that prevent interest rates to adjust instantly as a nominal rigidity which they incorporate into a general equilibrium model as the only source of nominal friction. The authors find that monetary policy shocks have larger real effects under ARMs than FRMs since not only does an increase in the nominal interest rate reduce consumption growth through a reduction in new borrowing but also by increasing (real) mortgage payments. Another recent contribution is Greenwald (2016) , who shows that inclusion of a payment-to-income constraint in a DSGE model generates substantial aggregate effects to interest rate changes. Recently, Hedlund et al. (2016) study the interaction between monetary policy, house prices and consumption responses in a rich quantitative model.
Closely related is also the literature that studies whether sensitivity of household spending to changes in income is related to mortgage debt or house prices. Mian et al. (2013) study household consumption response to large negative shocks to household wealth, finding that households with different levels of wealth have a different marginal propensity to consume out of a dollar lost. Baker (2017) finds that the consumption elasticity of income is significantly higher in households with high debt. This relation is not causal, however, since level of liquid assets and access to credit drive most of the heterogeneity in consumption responses to an income shocks and debt by itself plays a minor role, indicating that it is important to consider exposure. Using Danish administrative data, Andersen et al. (2016) study if household leverage prior to the financial crisis amplified the reduction in household spending during the crisis. They find a negative correlation between pre-crisis debt growth and consumption growth during the crisis but no relation between high debt at the time of the crisis and a spending decline over the course of the crisis. 6 In contrast, rather than considering the role of debt per se, we use indebtedness to assess households' exposure to interest rates changes.
The long period with extraordinarily expansionary monetary policy after the outbreak of the financial crisis has resulted in a discussion about the distributional impact of monetary policy (see for example Bullard, 2014; Mersch, 2014; Bernanke, 2015) . By estimating disaggregated household reactions to monetary policy, our paper contributes to the recent literature that analyzes this distributional impact. In previous theoretical work, Garriga et al. (2015) find that monetary policy shocks redistribute income from homeowners to capital owners under ARMs, but vice versa under FRMs. Auclert (2017) develops a model to evaluate the redistributional effect of monetary policy on consumption. He finds that unhedged interest rate exposure is an important channel in household's response to monetary policy, highlighting the importance of considering interest sensitivity. 7 Lastly, our study is related to a series of papers studying household consumption responses to shocks to unearned income and fiscal stimulus programs. For example, Shapiro & Slemrod (2003) , Johnson et al. (2006) , Agarwal et al. (2007) , Slemrod (2009), and Parker et al. (2013) study the effect of 2001 and 2008 economic stimulus payments in the US on consumer spending. 8 In all cases, the authors find a considerable consumption response to these income shocks. And the response is stronger for those that are more likely to be liquidity constrained, e.g. have low liquid assets or a low credit card limits. These papers study consumption responses to a positive shock to disposable income as a result of fiscal policy programs. One way to view our paper is as a monetary policy analogue to the fiscal policy programs studied in this literature.
The remainder of this paper proceeds as follows. In Section 2 we use consumer theory to derive testable implications for the empirical framework. Section 3 provides details on the data set we use and our measure of consumption, and presents general summary statistics and empirical motivation. The empirical strategy is discussed in Section 4. We present our main findings in Section 5 and Section 6 concludes.
Theoretical motivation
We relate our empirical strategy to basic theories of intertemporal consumption choice. 6 The paper by Andersen et al. (2016) is relevant for our study also because they use a similar data set and, as we, impute consumption from changes in households' balance sheets. 7 For recent empirical studies on the redistribution channel of monetary policy, see, e.g., Sterk & Tenreyro (2015) and Casiraghi et al. (2016) . 8 For studies on the consumption responses to other sources of shocks to disposable income, see, e.g. Stephens (2008) , Kueng (2016) , Hsieh (2003) and Agarwal & Qian (2014 
Consumption theory in relation to monetary policy
To motivate our empirical framework we briefly consider models of consumer behavior. A natural starting point for studying consumption and savings decisions are the life cycle/permanent income models. In these types of models consumers have concave preferences which induces a consumption smoothing motive. Another implication of these models is that unconstrained households that are forward-looking and maximize expected utility only reacts to unanticipated income changes. In the most extreme setup, where markets are complete and allow households to fully insure against idiosyncratic risks, the consumption growth rate will be identical for all households. To see this, note that in this setting the first-order conditions for household optimization reduce to
where ∆ log c i,t is the difference in log consumption and λ t captures anticipated and unanticipated macroeconomic developments that are common to all households. 9 A somewhat more general specification that does not rely on full insurance between households would also imply that household reactions are homogeneous across households in response to interest-rate changes that are either anticipated or temporary. According to these theories, a change in monetary policy will be captured by the term λ t and therefore have an identical impact on consumption growth for all households. But it is wellestablished that there is little empirical support for a strict interpretation of the life cycle and permanent income theories. For example, it has been found that consumption, in violation of these theories, often responds to predictable household-specific income changes. One suggested remedy to explain such behavior is to introduce borrowing constraints. Carroll & Kimball (1990) is an early theoretical contribution showing that the average marginal propensity to consume increases in the presence of borrowing constraints and uncertainty. Campbell & Mankiw (1990) introduce "rule-of-thumb" consumers as another potential explanation for the excess sensitivity of consumption.
If binding borrowing constraints or hand-to-mouth behavior due to other factors are prevalent in the economy, interest-rate changes will affect consumption growth more for some households than others. To motivate an empirical specification that allows for such cash-flow effects -i.e, an effect where for some households changes in disposable income feed directly into changes in consumption -we next present a simple model that considers different kinds of mortgages.
A simple model with ARMs and hand-to-mouth consumers
In order to illustrate the interaction between the presence of ARMs and hand-to-mouth households we set up a simple model. Consider a household with net financial assets a t , where "net" indicates the value of financial assets exposed to the short-term interest rate minus the balance of the household's ARM. Notice that for the typical mortgage holder gross financial assets is small relative to the value of the mortgage. For such households (the majority of ARM holders) a t is essentially equal to the negative of the mortgage principal. Being aware of the fact that some ARM holders are financially rich we will nonetheless refer to the negative of at yt as the debt-to-income ratio. The intertemporal budget constraint reads c t + a t+1 = y t + a t (1 + r t ) where y t is labor income. 10 We begin with a characterization of hand-to-mouth behavior and then contrast this to optimizing households' behavior.
By definition, hand-to-mouth (HTM) households maintain net financial assets constant. Hence consumption obeys
In other words, if measured as a marginal propensity to consume, the response of a hand-tomouth household of a change to the short-term interest rate is equal to one. Such a response may be irrational but it also occurs if the household is borrowing constrained. To obtain a measure of the elasticity in the response, we write equation (2) as a log-linear approximation
where θ is the inverse of the household's (steady state) consumption to income ratio and a y the (steady state) debt-to-income ratio. 11 If households hold no or little financial assets that respond to short-term interest rate changes, this equation shows that the percentage consumption response to interest-rate changes is proportional to the household's debt-to-income ratio. For example, in response to an interest-rate increase, a HTM household with a net assets-to-income ratio of 3 will reduce consumption (in percentage terms) by twice as much as a HTM household with a debt-toincome ratio of 1.5. Note also that the response of HTM households does not depend on when information about the interest-rate change arrives. Their consumption responds when their cashflow changes, irrespective of if the changes was anticipated or not. In Section 5.2 we use this insight in an instrumental variable regression with monetary policy shocks to shed light on HTM behavior.
In contrast to HTM households optimizing households obey the Euler equation, given by (1). If optimizing households' preferences are captured by a CRRA utility function with an elasticity of intertemporal substitution equal to σ, the response, measured as an elasticity, is:
This implies that the optimizer's response to an unanticipated temporary interest rate change, measured as an elasticity, is independent of the debt-to-income ratio. If the response is measured as a marginal propensity to consume it is decreasing in the debt-to-income ratio. This simple framework suggests that if ARMs is a common type of mortgage contract the implications for consumption response is very different for the two types of behavior. In contrast to HTM households, optimizing households respond to new information about the future interest rate. 12 In contrast to the simple models of behavior given by (3)-(4), households who hold FRMs do not respond to changes in the short-term interest rate unless they have substantial financial assets which are exposed to the change. 13
Data and Summary Statistics

Data description
The main data set we use is the Swedish registry-based panel data set LINDA (Longitudinal INdividual DAta for Sweden). This data set is representative for the Swedish population, covering a random sample of 300,000 households and their members. Since in Sweden, as in other Scandinavian countries, each tax payer has a unique social security number, we are able to construct a panel using several sources of administrative data. Our sample period covers 2000-2007. During this period, Sweden levied a wealth tax which meant that taxpayers were required to provide the tax authority with comprehensive information on all taxable wealth, in addition to information on earnings and income. The tax registers therefore include information about all taxable income and transfers, tax payments, liabilities and taxable wealth, including value of real estate (i.e., houses, apartments and cabins), cash holdings on bank accounts, bonds, stocks, and mutual funds. 14 Market values of single-family houses and cabins are determined by Statistics Sweden. They are a function of a long list of characteristics of the property and updated yearly using a price index which is constructed from transactions in a given municipality in each year. Market values of apartments (shares in co-op associations) are determined by Statistics Sweden too but with more noise. Values of financial assets are detailed and, for instance, each household reports each and every listed stock or mutual fund it holds in its tax filings (see Calvet et al. , 2007) . The data set contains information on total household debt which is the debt measure we use in the empirical analysis. The data set also contains information about annual interest expenses on that debt. Finally, the data set includes residential location for each household and various demographic 12 To be precise, the consumption of HTM households responds when their cash-flows change, irrespective of if the changes were anticipated or not. For optimizing households, a temporary one-period increase in rt+1 implies a decrease in ct (if y>0 this holds regardless of the value of the EIS, σ). The timing of the response of HTM and optimizing households is simultaneous if the interest fixation period is short (a few months). Appendix A.2 explores the effects on consumption of optimizing households under different assumptions about when they learn about the interest rate change and shows that it matters little in our empirical approach. Appendix A.4 discusses how one can think of an FRM in the context of our simple model. 13 Our model is admittedly stylized and ignores effects of monetary policy on e.g. labor income and house prices, and more generally a common aggregate effect. Our purpose is to illustrate the differential effect for households with little or much debt and the differential response between ARM and FRM holders. This is consistent with our empirical analysis. 14 For further details on the data set used in the current paper see Koijen et al. (2015) , and see Edin & Fredriksson (2000) for a detailed account of the data collection process for LINDA.
variables.
The unit of analysis is the household, meaning that individual data has been aggregated to the level of the household using marital status, residential location, and parent-child linkages (household identifiers are constructed by Statistics Sweden based on this information). Household characteristics, such as age and education, represent a household head, which we take as the oldest individual in the household unless more than one individual is of that same age, in which case we choose the oldest male.
Sampling restrictions
We restrict the sample in four ways. First, we restrict the households in our sample to be represented by a household head which is 18 years or older. Second, since changes in the family structure, such as divorces, may affect our consumption measure, we exclude observations for unstable households, i.e. when the household head is not the same as in the previous period. Third, we exclude observations for those years when households buy or sell residential housing. The reason for this restriction is that we have an imperfect measure of the value of the real estate, and changes in this variable -which is undoubtedly the largest component in households' asset portfolios -might bias our consumption measure. Fourth, we restrict our attention to households that remain in our panel for 3 or more years. The main reason for this restriction is, as we explain further in Section 4, to be able to compute the correlation between each household's interest rate and the monetary policy rate. This correlation is then used as our measure of fixed and adjustable rate mortgages.
We exclude outliers in our sample in four ways. First, we exclude observations when our consumption measure is negative. Negative consumption is likely to reflect some measurement issues that we are unable to account for in the consumption imputation process. Second, we exclude the bottom 3rd percentile in the income distribution. Third, we exclude the top 3rd percentile of the distribution of household specific interest rates. Fourth, we exclude the bottom and top 5th percentiles of the distribution of consumption growth rates. These restrictions leave us with a sample of around 50,000 households on average per year, of which about 30,000 per year are homeowners. The latter group is of our focus in the empirical analysis since those holding mortgages have interest expenses that may be affected by monetary policy. Finally, in our empirical analysis we use predetermined debt-to-income values. We restrict the sample to include households with information on debt-to-income lagged by two years.
Imputing consumption
We use this detailed data set to impute a measure of consumption expenses based on the approach in Koijen et al. (2015) . 15 This is a vital part of our exercise since the main outcome of interest is spending.
A common way of describing a given household i's budget constraint in year t is as follows
That is, consumption, c, is constrained by disposable income, y, the change in outstanding debt, ∆d, interest payments, r d d, savings, ∆a, and their returns r a a. Based on the notion that the budget constraint can serve as an accounting identity in a given year, it can be used to impute a measure of consumption as total income net of change in wealth from previous period. This is possible since all terms on the right-hand side of equation (5) are observable in our data. Mapping equation (5) into the detailed structure of our data gives the identity
where the household's disposable income, y i , includes labor income, transfers and benefits (all net of taxes), and financial income, ∆d is the change in debt, r d d are interest payments, ∆b is the change in deposits on bank accounts, ∆v is active re-balancing of mutual funds, stocks, and bonds, ∆h is the change in housing wealth (due to buying/selling), ∆ψ are changes in capital insurance accounts, and ω are contributions to private pension savings. Equation (6) is identical to the imputation method of Koijen et al. (2015) , who show that the correlation between the imputed measure and a survey-based measure of consumption exceeds 0.5 at the household level. 16
Imputing mortgage type
Our proposed transmission channel for monetary policy relies on a high prevalence of adjustable rate mortgages (ARMs). Figure 1 shows the division of fixed-rate periods of new mortgages in Sweden during the relevant period. ARMs are defined as mortgages with a fixed-rate period of three months or shorter. It is clear that a nontrivial share, approximately fifty percent, of new mortgages had adjustable rates during the period. Figure 2 reports the division of fixed-rate periods in the stock of outstanding mortgages. The value-weighted share of ARMs increases from 30 to 40 percent during the time period. Taken together, these aggregate statistics suggest that the cash-flow channel may be an important transmission mechanism.
We now turn to the measurement of household-specific interest rates in our microdata set. We do not observe debt contract details in our data. However, we observe both interest payments and balance on the loans every year. For each household we therefore define the interest rate r d i,t as total interest expenses divided by total debt in the same period,
The left panel of Figure 3 illustrates how the value-weighted household interest rate moves with the repo rate. The U-shaped pattern of both rates highlights the prevalence of ARMs, with the average household interest rate sligthly lagging the policy rate. However, we cannot directly observe in our data set if a household has a fixed or adjustable rate mortgage. Instead, we first calculate the correlation between household-specific interest rates, r d i,t , and the repo rate, r t 17 as Figure 4 shows the density of the household interest rate (left panel) and the correlation measure in our sample (right panel). We see that there is substantial variation both in the household-specific interest rate and in its correlation with the repo rate. We then classify indebted homeowners as having a high variability of their interest rates ("ARM") or low variability ("FRM") depending on if the correlation of their interest payments with the repo rate is above or below the median correlation, which equals 0.55. Households with missing correlations are assigned to be FRM holders.
In the empirical analysis we then use changes to the repo rate together with this classification of mortgage type rather than individual interest rates directly. This is to avoid any bias from unobserved events to the household that may affect both interest rates and consumption growth. Using this definition, the fraction of homeowners with ARMs in our sample is 39%, corresponding well with the average number that we see in Figure 2 , and the average correlation among homeowners with ARMs equals 0.85 whereas it is 0.15 among homeowners with FRMs. The right panel of Figure 3 provides a graphical documentation of there being a strong effect of our classification. We see that the (value-weighted) interest rate for households with ARMs co-moves strongly with the repo rate year-by-year, while the interest rate for households with FRMs is much less sensitive to monetary policy. Going forward, mortgage debt and total debt are used synonymously in discussions that focus on homeowners. 18
Summary statistics
We report summary statistics for the main variables in our data set. An important part of our analysis is to identify groups of households that (i) are likely or unlikely to be credit constrained, and (ii) have interest expenses that are either sensitive or insensitive to changes to changes in monetary policy. Therefore, we split the sample along two dimensions and present summary statistics 17 The low numbers of observations used to calculate household correlations can raise concerns about measurement error. A misclassification would, however, result in attenuation bias as the differential responses would be muted. 18 The motivation for this treatment is that mortgage debt in most cases will constitute the vast majority of total debt. 12 by groups. First, we split the sample by debt-to-income (DTI) ratios, our primary measure of (in)ability to smooth changes to interest expenses. Second, we split the sample by mortgage type. Figure 5 provides motivation for why it is sensible to hypothesize that homeowners with higher DTI are more sensitive to interest rate changes than less indebted homeowners. The figure displays the cross-sectional variation in assets, debt, and interest expenses among homeowners. The cross-section of homeowners is split into four groups of debt-to-income: homeowners with no debt, and in addition three equally large groups sorted into low, medium and high debt-toincome. The top panels show liquid assets, illiquid assets, and debt. Whereas illiquid assets are relatively evenly distributed among the four groups (the mean varies between 1.88 for the "No debt" category to 5.1 for the high category), both liquid assets and debt are more unevenly distributed. The least indebted homeowners ("No debt") have on average liquid assets equal to 1.37 years of disposable income. In contrast, the most indebted group ("High DTI") has on average liquid assets equal to 0.29 years of disposable income and a debt-to-income ratio of 3.04. Strikingly, the median liquid assets position in the most indebted group amounts to only 0.13 years (one and a half month) of disposable income. In sum, there is a strong negative correlation between illiquid and liquid assets and between debt and liquid assets. The bottom panels of Figure 5 display cross-sectional variation in interest expenses relative to disposable income and consumption. Homeowners in the high DTI category spend on average 0.14 years of disposable income on interest expenses. A doubling of the interest rate that homeowners face would thus imply that the median homeowner in the high DTI category would deplete liquid assets within one year, unless they adjust their income and/or consumption. Kaplan et al. (2014) show the importance of considering the varying liquidity of household assets. They emphasize the significant share of "wealthy-hand-to-mouth" households. These households are wealthy in terms of illiquid wealth but hold very little liquid wealth. Importantly, these wealthy households have a large propensity to consume out of changes in transitory income and do not react strongly to news about future income changes. In this light the pattern we observe in the raw data strengthens our hypothesis of the sensitivity of indebted households to changes in interest expenses. To summarize, the figure documents that although high DTI households are wealthy in terms of illiquid wealth they hold low levels of liquid assets and have high interest expenses relative to their income. When faced with increased expenses, such as after an increase in their mortgage interest rate, these households may face a difficulty in retaining their level of consumption unless being able to access additional credit. If credit constrained, these households are likely to have to reduce their level of consumption when faced with increased expenses. In the Appendix we report the analogous figure for an even split of homeowners into quintiles of debt-to-income (Figure 7) . Table 1 reports further summary statistics for the full sample (column 1), and for three groups of homeowners (column 3-5). Column 2 reports statistics for renters as a reference. First we consider all homeowners (column 3) and then two groups that are based on level of indebtedness. More specifically, indebted homeowners have been split into three equally large groups based on DTI. The top third of the distribution we call high DTI (column 4) and, the bottom two thirds are combined with homeowners that hold no debt into the low/medium category (column 5). Going forward, this is our main group classification of homeowners. We report all monetary values in Swedish kronor (SEK). 19 On average, homeowners with high debt have favorable characteristics compared to the average homeowners. They have higher disposable income (SEK 366,000 vs SEK 311,000), are younger (46 years vs 54), and have more household members (3.2 household members vs 2.6). They are also better educated. 43 percent have more than high school education compared to 32 percent among all homeowners. These differences also spill over to consumption. Highly indebted homeowners consume SEK 342,000 whereas homeowners on average consume SEK 295,000. Most of the difference is driven by household size -once scaled by adult equivalents the difference is only SEK 1,000. Highly indebted homeowners have twice as much debt as the average homeowner (SEK 1,031,000 vs SEK 466,000). The difference in debt-to-income is of about the same magnitude. Highly indebted homeowners have a lower interest rate (4.6 percent vs. 5.0 percent) but a higher interest share out of disposable income (12.8 percent vs. 6.2 percent). The correlation between the household interest and the repo rate is about the same as for the average homeowners (0.52 vs 0.48). The greater debt is matched by a greater position in illiquid assets (i.e., real estate). Highly indebted homeowners have a on average illiquid assets worth SEK 1.7 million whereas the average homeowner has SEK 1.1 million. Notably, highly indebted homeowners fair worse in terms of liquid assets (SEK 110,000 vs SEK 196,000), liquid assets to income (0.29 vs 0.71) and loan-to-value (0.81 vs. 0.49).
In Table 2 we report summary statistics for homeowners with ARMs and FRMs. The sample is remarkably balanced along this dimension. The two groups have similar wealth (both financial assets and real estate), income, and consumption. They also have similar LTV ratios. Homeowners with an ARM have slightly more debt and a slightly higher DTI ratio but overall these differences are small. The third column reports the coefficient estimates from single-variable regressions of each characteristic on an indicator of having an ARM. While the coefficients are statistically significant apart from a few exceptions, the magnitudes of the coefficients are small in an economic sense. To summarize, the differences in characteristics across the two groups are small.
Empirical Framework
Our empirical strategy builds on the insights from the theory presented in Section 2.2. In particular, it is motivated by the interaction between hand-to-mouth behavior and ARMs as given by equation (3). This cash-flow effect of monetary policy is likely to be detectable for households with ARMs and/or high DTI. In order to test this hypothesis, we begin by estimating the following regression equation on homeowners:
where ∆r t is the change in the repo rate and DT I i,t−2 is the household's DTI ratio. We lag the DTI ratio by one year so that it is predetermined with respect to c i,t−1 . 20 The coefficient β 1 captures systematic variation in consumption growth due to differences in DTI, δ t are year fixed effects and capture common effects of aggregate shocks, including intertemporal responses to consumption of optimizing households. We include household fixed effects, φ i , to capture any time-invariant cross-sectional heterogeneity (in particular any unobserved differences between ARM and FRM holders) as well as a set of controls, X i,t , which consists of factors influencing preferences for consumption. We include in this vector a fourth order polynomial in age, education, household size and the change in household size.
The coefficient of main interest is β 2 . It captures the differential effect of monetary policy as a consequence of different debt-to-income ratios among households, measured relative to the effect of monetary policy on a homeowner with no debt (i.e., net of the common aggregate effect). If all households obey (4) its true value would be zero or close to zero. If all households obey (3) its true value would be equal to the average income to consumption ratio (θ). In sum, the regression specification given by (9) is intended to capture the theoretical implications from Section 2.2. 21 It is important to further emphasize the implications of including year and household fixed effects in our empirical model. This accounts for the overall aggregate effect of monetary policy on household spending as well as systematic individual differences in consumption growth. In other words, the coefficient β 2 captures responses less the aggregate effect. Our specification thus allows us to make inference about heterogeneous responses to monetary policy rather than the aggregate effect per se. 22 Appendix A.3 provides regression estimates from our simple model presented in Section 2.2 for a realistic calibration with finite time horizon and a realistic DTI distribution in order to further illustrate the relationship to the specification given by equation (9).
We then extend (9) to include an interaction term for mortgage type:
where ARM i is a dummy variable that takes on a value of one if the household is classified as a holder of an ARM and otherwise zero. γ 2 measures the impact on consumption growth for a holder of an FRM relative to a homeowner with no debt. In this specification, the coefficient γ 3 is of main interest. It measures the differential impact on consumption growth between holders FRMs and holders of ARMs. Again, γ 2 and γ 3 are net of a common aggregate effect. 20 The lagged value also resembles the use of a steady state value in the log-linear approximation given by equation
(3). 21 One caveat is that, given the data at hand, we are not able to observe if households adjust their amortization in response to interest rate changes. Such a strategic response would be absorbed into the estimated cash flow effect. For constrained households who consume all their disposable income, a decrease in the short interest rate implies increased consumption possibilities which could be highly valued. We therefore expect any strategic amortization adjustment to come from less constrained households, making the differential effect biased towards zero. 22 Note that throughout our analysis, we prefer to use the change in the repo rate, ∆rt, rather than the change in the household-specific rate. This avoids any bias that would arise if unobserved idiosyncratic events (e.g., negative news about future income) affect both the household's consumption path and the household's credit worthiness.
By estimating equation (9) and (10) on households with different DTI ratio (i.e., "low/medium", or "high"), we attempt to capture differences in sensitivity to interest changes across the DTI distribution. We also estimate equation (9) on selected sub samples where we expect that the cash-flow effect is particularly strong, either because of binding borrowing constraints (detected by little financial assets in combination with a high loan-to-value) or because of likely abundance of handto-mouth behavior (detected by low income or low age).
Results
This section presents and discusses our main empirical findings. Table 3 reports estimates based on regression equation (9). The estimate in column (1), a coefficient β 2 of −0.013, indicates a statistically significant heterogeneity in consumption responses to monetary policy changes across the DTI distribution. However, in an economic sense the heterogeneity is small. For a homeowner with a high DTI ratio (3.3 on average), a one percentage point increase in the repo rate implies that consumption growth drops by a mere 0.043 percent (3.3 × 0.013) more than among homeowner without any debt. In contrast, a similar calculation for a homeowner with medium or low DTI ratio (0.75 on average), implies a drop of 0.01 percent (0.75 × 0.013) in consumption growth in response to a one percentage point increase in the repo rate. These estimates indicate very moderate differences. Viewed in isolation they do not speak in favor of a strong cash-flow effect.
In order to allow for a non-linear relationship between repo rate changes and indebtedness on consumption, columns (2) and (3) separately focus on high and medium/low DTI households, respectively. 23 An important finding from comparing these two specifications is that the role that household indebtedness plays in shaping consumption responses is very different over the different parts of the cross-sectional DTI distribution. Among highly indebted homeowners, monetary policy has a quite different effect on consumption depending on their level of debt relative to income. Compare two identical homeowners in the high-DTI group who differ only so that one of them has additional debt worth one year of disposable income -say, e.g., that one homeowner has a DTI ratio of 3 and the other a ratio of 4. A one-percentage point increase in the repo rate leads to an additional decrease in consumption growth by 1.44 percent among the latter household. The impact of a change in the repo rate depends on the outstanding DTI ratio among low and medium DTI homeowners too (column 3). Each additional unit of debt-to-income (say a comparison between a ratio of 0.5 and 1.5) implies an incremental positive response to consumption growth by 0.93 percent if the repo rate increases by one percentage point. These results indicate that the small negative response reported in column (1) masks a non-linear relationship.
Column (4) to (6) of Table 3 report estimates based on the extended specification described by equation (10). Comparing column (4) to (1) we see that the initial specification masks substantial heterogeneity between ARM and FRM holders. In the event of a one-percentage point increase of the repo rate, the average FRM holder (with a DTI ratio of 1.6) responds by increasing consumption by 1.7 percent (1.6 × 1.055) more than a homeowner with no debt. The average ARM holder (with a DTI ratio of 1.9), however, responds by decreasing consumption by 0.03 percent (1. 9 × (1.055 − 1.071) ). 24 Among highly indebted households (column 5) we measure even greater variation in the response. For FRM holders, we measure a positive response of 1.72 percent (evaluated at the mean DTI ratio of 3.10). For ARM holders, we measure a negative response of -1.95 percent (given a mean DTI ratio of 3.48). Assuming an immediate one-to-one response between the repo rate and the rate on ARMs, a net MPC (i.e., net of some average aggregate effect) can be calculated for ARM holders based on conversion of the estimated semi-elasticities. Using the fact that ARM holders consume 95 percent of disposable income (see Table 1 ) we calculate an MPC out of changes in interest expenses induced by monetary policy of roughly 0.5. 25 In other words, this implies that half of the cash-flow effect of monetary policy is absorbed through adjustment of consumption for highly indebted ARM holders.
For low and medium indebted homeowners, we find variation in the response too. For the FRM households, the response to an interest rate is similar as before, roughly a 2 percent increase in relative consumption growth following a one percentage point interest increase, while the negative effect on households with ARMs is smaller than among more indebted households, translating to an MPC of about 0.2. We are inclined to believe that this heterogeneity in response makes the cash-flow channel highly relevant if ARMs are commonly held. That is, in an economy where the prevalence of ARMs is high, monetary policy will have a stronger effect -other things equal -operating through this channel.
In order to graphically illustrate the relative effect for different groups of homeowners, we plot the difference in consumption growth in Figure 6 . The figure also plots the corresponding change in the repo rate. The path for the repo rate displays a distinct U-shape during 2002-2007. In the left panel we plot the median consumption growth of all homeowners minus the median consumption growth of homeowners that belong to the high DTI group during the same time period. There is a strong positive correlation between this metric and the repo rate, indicating that as the repo rate increases the consumption of highly indebted homeowners falls behind. In the right panel we further narrow our focus to display the importance of mortgage contracts in channelling this effect. This panel plots the median consumption growth of homeowners that belong the high DTI group minus median consumption growth of homeowners in the high DTI group that also hold ARMs. Compared to the left panel, the positive correlation is even starker. Among homeowners that hold a lot of debt in the form of ARMs consumption falls behind that of other highly indebted households as the repo rate increases.
Analysis of sub groups -the role of borrowing constraints versus outright HTM behavior
The cash-flow channel will affect interest sensitive households more than other households. If households are exposed to variable interest expenses, consumption behavior according to equation (3) can arise either because of binding borrowing constraints or outright hand-to-mouth behavior. Table 4 breaks down our sample further to shed light on this distinction. We consider the effect of monetary policy on consumption responses among different sub-groups of homeowners that are likely to be more or less able to accommodate a tightening of monetary policy. As a reference, column (1) repeats the analysis on the high DTI group in Table 3 . Columns (2)-(7) then impose further restrictions on the sample. First we consider the effect of -in addition to high DTI -low liquid assets. Low liquid assets is defined as a share of liquid assets relative to disposable income below the median. Restricting the sample in this way does not affect the estimated consumption response relative to that of the high DTI group in its entirety. Column (3) restricts the sample to those with a high LTV ratio. These households are expected to have limited access to additional credit. We define having a high LTV ratio as being in the group of households with the top third highest LTV ratios across homeowners, which equals a value of 0.67 or higher. For this sample we estimate a semi-elasticity of −2.55 which is greater than among the high DTI group in its entirety. The combined effect of high DTI, low liquid assets, and a high LTV ratio is even stronger (column 4). At an estimated semi-elasticity of −3.74, the effect within this subgroup is more than twice as large as for the group of high-indebted households at large. These estimates are strong evidence in favor of the view that our main effects are driven by sub-groups of homeowners that are borrowing constrained, rather than by very wide-spread outright hand-to-mouth behavior. As we restrict the sample to low income households (defined as having a disposable income below the median; column 5) or to young households (defined as being 40 years old or younger; column 6) the effect is weaker. One reason for this finding could be that younger households have a longer time horizon to smooth temporary shocks (see Appendix A.2). It could also be because younger households have a lower share of committed expenses. Overall, we view these findings as pointing towards the role of borrowing constraints in combination with large exposure to ARMs. To emphasize this point we relax the sample restriction on high DTI homeowners in column 7 but maintain the restriction on low liquid assets and low income, i.e. we focus on a sub-sample in which hand-to-mouth behavior is believed to be common. For this group there is no statistically significant differential response along the DTI ratio. Again, this provides an indication that the effect in the full sample is a manifest of some households' exposure to fluctuating interest expenses in conjunction with binding borrowing constraints (which manifests itself as hand-to-mouth behavior).
Instrumental Variables Estimates of Consumption Responses
As argued in our theoretical motivation, households may display different responses to expected and unexpected changes to the repo rate. If households are forward-looking but constrained from borrowing they respond only to unexpected changes whereas if households display handto-mouth behavior they respond equally to expected and unexpected changes. In order to investigate whether households respond differently to unexpected changes we instrument the repo rate changes with monetary policy shocks. We calculate monetary policy shocks similarly to Gertler & Karadi (2015) . They use high frequency identification of monetary policy shocks. This approach is developed to identify exogenous innovations in monetary policy that are due entirely to policy shifts, i.e. innovations that are unrelated to the macroeconomic development. With such an instrument, we address the simultaneity problem which would arise if monetary policy reacts to a macroeconomic development that may have a differential impact on the household groups of our analysis.
To identify this innovation, we use a tight window around the time of a monetary policy announcement to isolate the effect of policy surprise on market interest rates. In Sweden, the monetary policy decision is announced the day after the meeting in which the policy rate, the repo rate, is determined. We use the change in the Treasury bill rate on the day of the announcement, and assume that the movement in the rate that day is driven by the innovation in monetary policy. 26 More precisely, we construct the monetary policy shock as the difference between the interest rate at the end of the day of the policy announcement and the day before the announcement:
is the interest rate on the 1-month Swedish Treasury bill and d is the day of a monetary policy announcement. Typically there are six meetings per year. We time aggregate the monetary policy shocks to an annual measure by summing them year-by-year. As demonstrated in Figure 8 , the measured monetary policy shocks this way covaries with the repo rate over our sample period, in particular during the period of interest rate increases, but the magnitude of these innovations is considerably smaller than the repo rate changes themselves.
Using standard instrumental variables method, we estimate (9) and (10). The results are presented in Table 5 . Compared to the results presented earlier, e.g. in Table 3 , these results estimate the differential effect of an unexpected change in the repo rate, while before the estimates captured the overall differential effect of interest rate changes. Comparing the results to Table 3 , we find effects that are much smaller in magnitude -in particular for the high DTI group -but the results are qualitatively similar for the first specification. Among high DTI households there is a negative effect of increases in the repo rate whereas among low and medium DTI households the effect is positive (column 1 to 3). When contrasting the holders of ARMs and FRMs, there is wedge similar as before, although the magnitude of the response, in particular for holders of ARMs, is now smaller (column 4 to 6). We conclude that unexpected changes to the repo rate have a smaller differential impact on levered versus unlevered homeowners, suggesting presence of some hand-to-mouth behavior.
Conclusion
This paper studies a transmission mechanism of monetary policy that operates through interest rate changes on households' debt. The effect on households' spending is heterogeneous and depends on whether the household has debt with variable interest rates, in particular adjustable rate mortgages (ARMs). We study this channel for monetary policy using an administrative panel data set for a large representative sample of Swedish households. The data set contains both detailed information about the balance sheet of households and their consumption. Most Swedish households hold some share of their overall debt in loans with variable interest rates. Importantly, ARMs is a standard, non-exotic, form of mortgage contract in Sweden.
We estimate a small negative response of consumption growth to increases in the policy rate (i.e., the repo rate) for levered homeowners. There is however substantial heterogeneity in effects at different parts of the debt-to-income distribution and the negative effect is attributed to homeowners with the greatest debt-to-income ratio. Highly indebted homeowners respond more negatively to repo rate increases the higher their debt-to-income ratio is. Furthermore, we find that holders of fixed rate and adjustable-rate mortgages respond differently. Our results suggest that the negative effect of repo rate increases is entirely concentrated among highly leveraged homeowners who hold ARMs. For those, half of the cash-flow effect induced by repo rate changes is absorbed by changes to consumption expenditure. We also consider other sub-groups which are likely to be constrained and find that households respond particularly strongly if they have little financial assets and a high loan-to-value in addition to a high debt-to-income. This is evidence in favour of borrowing constraints contributing to the cash-flow channel. We do however find that even predicted changes to the repo rate have an effect, pointing to a role for outright hand-to-mouth behavior.
Our results have important implications for the role of monetary policy. They indicate that in economic environments where households are highly indebted, face restricted access to credit, and hold loans with interest rates that respond directly to variations in short interest rates, monetary policy is very potent. Monetary policy will have a stronger effect on real economic activity than in other environments since households will respond to monetary policy-induced interest rate changes by a larger magnitude than predicted by conventional estimates of the intertemporal elasticity of substitution.
It is in order to emphasize the limitations of our study and the interpretability of our results. Our focus is only on the cash-flow effect of changes in interest rates, but not on the effect that monetary policy may have on the supply of credit. This may be an important channel, particularly at times when central banks make large changes to its policy rates. Specifically, we are unable to characterize the general equilibrium effect of the cash-flow channel on aggregate consumption in the economy. Another channel that we have abstracted from, but believe to be important, is that monetary policy may have heterogeneous effects on household consumption by affecting the distribution of wealth in the economy. Studying such implications remains as interesting but challenging tasks for future research. 20 d.) . 'a.e.' refers to adult equivalent. The scaling factor follows OECD, assigning a weight of 1 to the first household member, 0.7 to each additional adult and 0.5 to each child. Age and education refers to the household head. Notes: Sample is restricted to homeowners. All specifications include year fixed effect, household fixed effects, a fourth polynomial in age, household size, and growth in household size. DT I denotes the ratio of debt-to-income. ∆rt is the year-on-year change in the repo (monetary policy) interest rate, set by the Central Bank's monetary policy committee. ARM is an indicator for having ones own interest rates that correlate strongly with the repo rate (above median correlation). Standard errors in parenthesis are clustered at the household level. *, ** and *** denotes significance at the 10 percent, 5 percent and 1 percent level, respectively. Observations 41,720 22,450 25,969 15,888 15,184 15,489 8,638 Notes: Sample is restricted to homeowners. Low liquid assets is defined as having a liquid assets to income ratio that is below the median (0.17). High LTV is defined as having an LTV in the in the highest third of all households (above 0.66). Low income is defined as having a disposable income below median (below SEK 283,000). All specifications include year fixed effect, household fixed effects, a fourth-order polynomial in age, household size, and growth in household size. Standard errors in parenthesis are clustered at the household level. *, ** and *** denotes significance at the 10 percent, 5 percent and 1 percent level, respectively. Notes: Sample is restricted to homeowners. All specifications include year fixed effect, household fixed effects, a fourth polynomial in age, household size, and growth in household size. DT I denotes the ratio of debt-to-income. ∆rt is the year-on-year change in the repo rate, instrumented by monetary policy shocks. ARM is an indicator for having ones own interest rates that correlate strongly with the repo rate (above median correlation). Standard errors in parenthesis are clustered at the household level. *, ** and *** denotes significance at the 10 percent, 5 percent and 1 percent level, respectively.
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Interest expenses/consumption
Note: The figure displays home owners' assets, debt, and interest expenses normalized by disposable income across four groups of the debt-to-income distribution. Homeowners are sorted into "No Debt" and in addition, into three equally large categories. The cut-off points for the three equally large groups are debt-to-income ratios of 1.03 and 1.97. The left panels display means and the right panels display medians within each group. 
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A Details on the model A.1 Derivation of the log-linear expression for hand-to-mouth behavior
Starting from equation (2) we want to approximate: log(c t ) = log(y t + r t · a t ).
We use a first-order Taylor approximation of the form f (x) = f (x * ) + (x − x * )f (x * ). The left-hand side in (11) is then approximated by
while the right-hand side is approximated by
Now, use y * + r * · a * = c * to simplify (13):
Substitute (12) and (14) into (11) to obtain:
Finally use the approximation xt−x *
A.2 Optimizing households -Alternative timing assumptions
The optimizing household's problem is as follows. We ignore uncertainty in returns and labor income and consider only the effects of unanticipated shocks to the short-term interest rate. Optimizing households solve
34 subject to the budget constraint
where R 0 = 1 and R t = (1 + r t ) R t−1 for t ≥ 1, and where β denotes the discount factor and the utility function is
The solution to this problem is characterized by the Euler equation which determines consumption growth c i t+1
and
which determines the level of consumption. Y i is the present value of the household's income stream. The Euler equation demonstrates that the percentage consumption response to anticipated interest rate movements is identical for all optimizing households in the economy. There is however some heterogeneity in response to unanticipated interest-rate changes when households have different levels of wealth and/or remaining life-spans. We refer to the solution given by (19) and (20) for a given constant interest rate as the steady state. Below we analyze scenarios when a household has chosen c 0 in steady state and then learns in the beginning of period 1 that either r 2 has changed or that r 1 has changed. In the first case, the household chooses c 1 so that the relation between c 1 and c 2 remains consistent with the Euler equation. The level of c 1 (and consumption in periods thereafter) in relation to the initial steadystate consumption (c 0 ) is however also affected -exactly how depends on the household's initial (net) wealth. In the second case, all forward-looking interest rates are unaffected. The household therefore does not want to reoptimize the slope of its consumption path. But the surprise in return on savings between period 0 and 1 has consequences for the household?s available resources in the beginning of period 1. This wealth or cash-flow effect thus affects the relation between c 0 and all future consumption levels.
A.2.1 Timing assumption 1: new information about the future interest rate
We first explore the assumption that the household has chosen c 0 according to (20) , but that it in the beginning of period t = 1 learns that the interest rate will be r 2 instead of the anticipated r 2 . The household will then reoptimize in the beginning of period t = 1, resulting in
where ∆ log c i 1 denotes the deviation in c 1 away from steady state, α is a term common to all household, and where
and where the last approximation builds on the assumption that there is little discounting, that the interest rate is close to zero, and that the household has a flat income profile. In this forwardlooking scenario, there are three effects that determine the response: a substitution effect, an income effect, and a cash-flow effect. Notice that apart from accounting for a finite horizon, equation (21) is essentially equal to the negative of equation (4). The difference in sign appears because equation (4) considers changes to log(c 2 ) − log(c 1 ) in response to a change in r 2 .
A.2.2 Timing assumption 2: new information about the realized interest rate
We also explore the assumption that the household has chosen c 0 according to (20) , but that the interest rate turns out to ber 1 instead of the anticipated r 1 . The household will then reoptimize in the beginning of period t = 1, resulting in
where α is, again, a term common to all households. The individual-specific factor δ in this expression can be approximated as
if there is little discounting, the interest rate is close to zero, and if the household has a flat income profile over the life cycle. The fact that future interest rates remain at steady state shuts down the substitution effect. Nonetheless, the response of typical optimizers is an order of magnitude smaller than for hand-to-mouth households (provided that T i |a i /y i |).
A.3 Quantitative analysis
We report model estimates based on a simple model simulation. We set β = 0.98, y = 1, and let T be distributed uniformly between 10 and 50 years. Debt-to-income (the negative of a y , is uniformly distributed between 0 and 5. The experiment is that the interest rate increases for one period from 0.02 to 0.03.
We estimate the regression:
where subscript t = 1 has been omitted. Column (1) to (3) of Table 6 report estimates for optimizers that behave as in Section A.2.1. The EIS (σ) varies between 0.5 (column 1), 1.0 (column 2), and 1.5 (column 3). This parameter determines the common response of all households, and is identified by the intercept in each regression. The estimate on ∆r × DT I i indicates that the percentage response in consumption growth is amplified by 0.071 for each unit of additional debt-to-income. The mean response is estimated to be −0.179 percent. Whether optimizers can adjust period-0 consumption (column 1 to 3), or not (column 4) does not matter much for the response. Column 5 focuses on a sample of households that display hand-to-mouth behavior as given by equation
36
(2). The estimate in this sample is 16 times larger than the estimate of column (2). The response is essentially proportional to the debt-to-income ratio. Finally, column (6) reports estimates if optimizers and hand-to-mouth households are mixed 50-50, simply by combining the samples of column 2 and 5. At −0.607 the estimate in the combined sample is equal to the average of the two estimates. The mean response is −1.53 percent and the response amplitude varies by 0.607 percent for each unit of debt-to-income. 
DT Ii × ∆r -0.071*** -0.071*** -0.071*** -0.076*** -1.143*** -0.607*** (0.001) (0.001) (0.001) (0.002) (0.001) (0.012) Constant -0.005*** -0.009*** -0.014*** -0.0004*** 0.0013*** -0.0065*** (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) Notes: The sample is based on a parameterization where y = 1, β = 0.98, households whose heads are aged between 30 and 70 years (T uniformly distributed between 10 and 50), and debt-to-income uniformly distributed between 0 and 5 (DT Ii is the negative of a i y i ). The experiment involves a oneyear increase in the interest rate from 0.02 to 0.03. Flexible current consumption denotes whether optimizers follow equation (23), in which case it is fixed, or equation (21), in which case it is flexible. *, ** and *** denotes significance at the 10 percent, 5 percent and 1 percent level, respectively.
A.4 Extension of model to FRMs
It is straightforward to extend the simple model to include an FRM. The most simple form of FRM would involve a non-amortizing mortgage with a fixed interest rate (i.e., independent of the experiment above) that is paid back in full at time T. In the setting above, the response of a household that holds such a mortgage to a temporary one-period change to the short-term interest rate would be miniscule. Note: The figure displays home owners' assets, debt, and interest expenses normalized by disposable income across quintiles of the debt-to-income distribution. The left panels display means and the right panels display medians within each quintile. 
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